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Water-Based Exercise for Patients with Arm Lymphedema  
A Randomized, Controlled Pilot Trial 
  
ABSTRACT 
Objective:  To evaluate the feasibility and effect of a water-based exercise (WBE) program on 
lymphedema status and shoulder range of motion (ROM) among women with breast cancer related 
lymphedema. 
Design: Single-blinded, randomized controlled pilot trial. Twenty-nine eligible breast cancer survivors 
(median 10 years after surgery) with arm lymphedema (median 21% inter limb difference) were included 
and randomized into intervention (n= 15) or control (n=14). Twenty-five participants completed the 
study. The intervention was at least twice weekly WBE for 8 weeks; supervised initially but performed 
independently during the study period. Outcomes of interest were feasibility as measured by retention and 
adherence, lymphedema status as measured by optoelectronic perometry, bioimpedance spectroscopy and 
tissue dielectric constant, and shoulder range of motion (ROM) as measured by goniometer.  
Results: Four participants were not measured at post-intervention and were not included in the analysis 
(retention). Four participants in the intervention group did not perform the minimum WBE criteria set 
(adherence). No effect was found on lymphedema status. Compared to the control group, median ROM 
change for flexion was 6 (1-10) degrees (p<0.001) and 6 (0-15.5) degrees (p=0,07) for external rotation.  
Clinically relevant increase in the intervention group was found for 36% in flexion (p≤0.05) and (57%) in 
external rotation (p≤0.05) compared to controls. 
Conclusions: This study shows WBE is feasible for breast cancer survivors with arm lymphedema and 
that shoulder ROM can be improved years after cancer treatment has been completed. 
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INTRODUCTION 
Approximately 184,000 women in the USA are diagnosed with breast cancer each year and 90% of these 
women will live at least 5 years. Arm lymphedema and reduced shoulder range of motion (ROM) and 
muscle strength are common breast cancer treatment sequelae, which adversely impact function and 
quality of life well beyond the treatment period 1-3.  
Lymphedema is particularly problematic as it is a progressive and chronic condition 4 and is associated 
with further losses to strength and ROM. Fibrotic tissue developing during wound healing and post-
operative radiotherapy to the axilla and breast contribute to the onset of arm lymphedema and decreased 
shoulder ROM 1, 2.  
There is a body of research demonstrating a range of physical and psychosocial benefits that can be 
gained following breast cancer via exercise 5. In studies that have involved women with upper-limb 
lymphedema following breast cancer, exercise does not initiate or exacerbate existing lymphedema and 
may lead to benefits with respect to lymphedema-associated symptoms and upper-body strength 6-8.  
However, ROM benefits have not been studied in these cohorts. 
 
Water-based exercise (WBE) has been shown to be beneficial for other groups with joint stiffness.  In 
patients with knee and hip osteoarthritis, a small-to-moderate effect on physical function and quality of 
life, and a minor effect on pain have been demonstrated 9. Benefits for shoulder ROM has been described 
in rehabilitative exercise programs after injuries of the upper extremity 10, however, no randomized 
controlled trials have examined the effects of training.  It is of particular relevance for women with 
lymphedema that water can act as a form of compression. Compression is considered an effective form of 
treatment for lymphedema 11. It has been previously demonstrated that a session of water-based lymphatic 
therapy, including a combination of exercise plus massage in water, results in reductions in arm volume in 
women with breast cancer related arm lymphedema (BCRL) 12. However, the benefits of WBE have not 
yet been examined independent of other interventions.  The willingness of patients with lymphedema to 
adhere to a WBE program also needs to be evaluated, given prior evidence of a desire to keep the affected 
limb covered 13.   
 
It was therefore the purpose of this study to evaluate the feasibility and effect of a WBE program on 
lymphedema status and shoulder ROM among women with BCRL.   
 
METHODS 
Design 
This was a single-blinded, randomized, controlled trial evaluating the effect of an 8-week WBE 
intervention on women with BCRL. All study related activities were reviewed by the human subjects 
protection program of the University of Pennsylvania.  All subjects provided written documentation of 
informed consent before participation in any study related activities. 
 
Participants 
Women who had either participated in the Physical Activity and Lymphedema (PAL) trial 8, 14 or who had 
expressed interest in the PAL trial, who had lymphedema and expressed interesting in participating in 
future studies (n=185) were invited to participate in this study.  Women were eligible if they had a history 
of unilateral breast cancer, but were disease-free, had current arm lymphedema (arm volume difference of 
≥ 5%) that was pre-existing for more than 6 months, but had not received active treatment for 
lymphedema during the last 3 months, except for use of compression garments. Women with a pre-
existing medical condition considered contraindicated to participating in an exercise intervention (e.g. 
chronic neck pain, skin disorder) or who were uncomfortable exercising in the water were excluded from 
participating.  Women were notified of the study by mail and asked to contact study researchers via phone 
to express interest in participating.    Fifty-eight women responded and were subsequently screened for 
eligibility status (Figure 1). Doctor’s permission to participate in this study was then ascertained for 29 
eligible and consenting participants and baseline assessment was subsequently conducted. Following 
baseline assessment, women were randomized (by SH), with stratification for mild versus moderate 
lymphedema and in random blocks of 4 (computer-generated sequences) to optimize balance in 
lymphedema severity and group allocation.   
 
Intervention 
The principals of the exercise program were to use water as compression and massage as well as to 
increase mobility trough stretching of the shoulder and trunk area.  
The WBE intervention consisted of three 30-minute sessions per week for 8 weeks.  Women were 
instructed (by KJ) to spend the time swimming and/or performing shoulder exercises in the water 
continuously for 30 minutes.  All women were given instruction on 6 exercises, all of which required 
women to keep their shoulders under the water for the entire duration of the session. Five of the exercises 
were performed in a standing position, legs in a sturdy stance with feet apart in shoulder width, trunk in a 
braced position (abdominal muscles contracted) with arms held firm with fingers slightly apart during the 
performance of the exercise.  In one exercise, participants were required to float while holding on to the 
edge of the pool, pushing and pulling the body to different positions. Women were instructed to perform 
10 repetitions of each exercise.  Women were asked to exercise continuously for 30 minutes, either by 
swimming, performing the arm exercises by repeating the session or by a combination of the two and 
were instructed to exercise at moderate intensity, described to the patient as “fairly light to somewhat 
hard” (11-13 Ratings of perceived exertion (RPE)) on the Borg scale 15. Women were instructed to rest 
for no longer than 1-minute if exercise intensity progressed beyond this level.  Verbal and practical 
instruction was given for all exercises during the first session only, while all other sessions were 
unsupervised.  Women were provided with an exercise tip-sheet (pictorial reminder of the prescribed 
exercises with supplementary text, Appendix 1 and 2) and a self-report diary that was completed at the 
end of every exercise session.   Mid-way through the intervention, a researcher (SH) called each 
intervention group participant to check adherence and ensure that women were completing their weekly 
exercise diary.   
Controls were instructed to continue exercises, if any, in the same way as they had done prior to the study. 
They were also asked to complete a weekly diary. After end of study they were offered to take part in the 
same program as the intervention group. 
 
Measurements 
Outcomes of interest for this trial were feasibility, lymphedema status, and shoulder ROM.  Assessments 
were made pre- and immediately post-intervention. Measurements were performed by a physiotherapist 
(KJ), who was blinded to participant group status. 
 
Feasibility: Retention and Adherence 
Retention was assessed by withdrawal rates and adherence was assessed by a self-reported diary, 
including date for exercise session, how long each session lasted in minutes and the type of WBE 
undertaken during the session. The minimum prescription, participants were asked to complete was at 
least 30 minutes of WBE at least 2 times per week. The diary also included questions about how time was 
distributed between swimming and WBE, and other kinds of physical activities performed during the 8-
week intervention period. 
 
Lymphedema Status: Perometry 
Arm volume was measured using a perometer, which utilizes computerized, infrared optoelectronic 
volumetry analysis by measuring circumferences every 0.5cm (Model 350Sa) along the arm. The method 
has shown a validity of r c =0.98 compared to a truncated cone and an intra-rater reliability with ICC=1.0 
(0.99-1.0 95%CI) 16. The measurements were performed with the participants in sitting position with their 
arm at 90◦ abduction, hand positioning was standardized. The measured length of the arm for each patient 
was adjusted making sure that the end measurement point was as close to the axilla as possible. Arm 
length ranged from 35.7 cm to 49.8 cm. Both arms were measured and the difference between the arms 
was calculated.  Difference between the limbs was expressed in milliliter (lymphedema absolute volume) 
and in percentage (lymphedema relative volume) 17. 
 
Lymphedema Status: Bioimpedance Spectroscopy 
The impedance of the extracellular fluid for each limb was assessed using a SEAC SFB7b monitor, and 
the ratio of impedance values, comparing the treated and untreated sides, was then calculated. A 
participant was classified as having lymphedema when the impedance ratio was more than three standard 
deviations above normative data, taking into account side of dominance 18, 19. 
All jewelry was removed and the skin was cleaned with an alcohol wipe prior to the application of surface 
electrodes. With the patient lying supine on a bench with arms along the side, the electrodes were 
positioned on the upper limbs, in line with the ulnar styloid and 5 cm proximal of this spot, on the dorsum 
of the hands. One electrode was placed on the dorsal surface of the right foot over the third metatarsal 
bone.  
 
Lymphedema Status: Local Tissue Water 
Local tissue water was evaluated by Tissue dielectric constant measurementc. An ultra high frequency 
electromagnetic wave of 300 MHz is transmitted into an open-ended coaxial probe in contact with the 
skin. A major part of the EM energy is absorbed by tissue water while the rest is reflected back to the 
coaxial line and an electrical parameter, Tissue dielectric constant, directly proportional to tissue water 
content, is calculated. The measurement has been validated to circumference measurements of the 
forearm by haemodialysis treatment showing high correlation (r= -0.97, p<0.05) in reduction of oedema 
and to fluid removal during treatment (r= -0.99, p<0.01). For repeatability the coefficient of variation was 
3% 20. 
In order to measure tissue water close to the axilla the patient was placed in a prone position on a bench 
with face down and arms relaxed along the side. A spot between the scapula edge and the top of the 
axillary fold was marked and a probe with an outside diameter of 20 mm was placed on the skin for 
measurement. This probe has a measurement depth of 1.5 mm.  
In order to measure tissue water on the arms, the patient was sitting with arms resting on a table with 
palms up and elbow slightly bent. Measurements were made 5cm distal, and 5cm proximal, of the elbow 
fold with the same probe as above. Both sides were measured. 
All spots were defined as being relevant to spots commonly used in the clinic for identification of arm 
lymphedema by palpation of thickness in the subcutaneous tissue. 
 
Shoulder Range of Motion 
For measurement of passive shoulder ROM the patient was placed in a supine position with knees bent 
and feet steady on a bench. A goniometer was used to determine the angles of maximum abduction, 
flexion (elevation) and external rotation 21. In a prior pilot study (n=12) 1 the test-retest reliability of the 
ROM measurements of the researcher undertaking these measurements (KJ) was evaluated. Results 
showed a mean absolute difference of 4.0±3.6° (abduction), 4.4±2.1° (flexion) and 5.6±3.2° (external 
rotation) between two test occasions performed again within three days. 
 
Statistics  
Descriptive statistics of baseline variables include rates for binary variables and median and interquartile 
range for continuous variables. Data were compared between the intervention group and control group 
using a non-parametric test, Mann-Whitney U test, for continuous variables, since the groups were small 
and values did not exhibit Gaussian distribution. A two-sided significance level of 0.05 was applied.  
A priori decisions were made as to the magnitude of between group differences that would be considered 
clinically significant.  For relative limb volume, a 5% between group difference was considered clinically 
significant.  For ROM, a > 5% between group difference in shoulder abduction and flexion and a > 10% 
between group difference for external rotation were considered clinically significant (1). Chi-square exact 
methods were used for binary outcomes. 
All participants were analyzed within the group to which they were originally assigned, regardless of 
adherence to that assignment.  Data were missing for 4 participants at post testing; missing data was 
considered missing at random.  No imputation was used for missing data.  All statistical analyses were 
performed using IBM SPSS Statistics 19.  
 
RESULTS 
Table 1 shows baseline characteristics of the 29 participants included in the study. Fourteen were 
randomized to the control group and 15 to the intervention group. Personal characteristics were similar 
between groups.   
 
Feasibility - Retention 
Four participants, one from the intervention group and three from the control group, were not measured at 
post-intervention and were not included in the analysis.  
 Feasibility - Adherence 
Four participants in the intervention group (27%) did not perform the minimum WBE criteria set for the 
entire 8-week intervention.  However, they were measured at post-intervention and data were included in 
the analysis. Of the eleven participants that met the minimum intervention criteria, one spent all sessions 
swimming, three performed a mixture of swimming and exercises and the remaining 7 spent their sessions 
performing shoulder exercises. 
 
Efficacy 
Baseline outcome data for arm volume, lymphedema relative volume, bioimpedance spectroscopy, TDC 
and shoulder ROM (Table 2) were similar between groups with a tendency (p=0.06) towards difference 
for shoulder flexion.  
Results of the intervention on shoulder ROM are shown in Table 3.  Compared with the control group, 
median change for flexion (p<0.001) was larger for those in the intervention group and external rotation 
(p=0,07) trended toward being greater. For abduction median change did not differ between the 
intervention and the control group.   
Two (14%) participants in the intervention group had a clinically relevant increase in abduction, five 
(36%) in flexion (36%) (p≤0.05) and eight (57%) in external rotation (p≤0.05). One participant in the 
control group had a clinically relevant increase in external rotation. 
There were no serious adverse events related to the intervention. 
 
DISCUSSION  
The WBE evaluated within this study was shown to be feasible and was effective in improving ROM for 
those with lymphedema following breast cancer. Feasibility was defined by retention assessed by 
withdrawal rates in the intervention group, which was very low with only one participant withdrawing. 
Feasibility was also defined by adherence.  As the minimum prescription, participants were asked to 
complete at least 30 minutes of WBE at least 2 times per week. Ten participants (71%) reached this level.  
Two participants did WBE sessions but did not reach the minimum prescribed.  
Good adherence and low withdrawal rates are common to the majority of exercise and cancer trials and 
our findings were similar.  While it is possible that good feasibility is a reflection of the characteristics of 
eligible participants, that is they are likely motivated and interested in participating in exercise trials, the 
main point is that women who are several years post-treatment of breast cancer and with arm 
lymphedema were able to regularly participate in a WBE intervention, even when they were managing 
work- and family-roles, and benefited from doing so.   
In the study by Tidhar & Katz-Leurer 12 examining water-based lymphatic therapy, including a 
combination of exercise and massage in water, the adherence was 79%. The slightly higher adherence in 
this study may be explained by the fact that participants only had to attend one session per week. On the 
other hand, the participants in our present study were not taking part in set group sessions, but rather 
choosing on their own when they wanted to perform the exercises. We considered this to be convenient to 
the women, in particular if they were working full time, and therefore likely to be supportive of 
adherence. Another possible explanation may be that the participants in the exercise and massage study 12 
were measured for arm volume at each session which might have provided weekly feed-back, while the 
participants in the present study only had one call mid-way through the intervention to check adherence.  
For more than half of the participants (57%) a clinically relevant change in external rotation was found, 
and in flexion there was a change for 36% of participants.  Furthermore the flexion improved from 
median 158° to 165° and external rotation from median 64° to 77°. These improvements can be 
considered relevant for the clinic. However, no improvement was found for abduction, supporting the 
presumption that the exercises that were used mainly were focusing on flexion and external rotation. To 
improve abduction using the support or resistance of the water, more exercises probably should have been 
performed in horizontal floating position or by breast stroke swimming with focus on full abduction.   
 
We have demonstrated in the present study that shoulder ROM can be increased several years after the 
completion of breast cancer treatment. This work supports that by Laudrisen et al 22 who showed that 
impaired shoulder function could be improved by physiotherapy several years postoperatively and gave 
indications that shoulder ROM could be increased as well.  
The findings are also in line with other exercise trials involving women with BCRL that have shown 
physical and psychosocial benefits via participating in land-based aerobic- and/or resistance-exercise, 
without exacerbating pre-existing lymphedema.  However, we hypothesized that WBE would have the 
additional benefit of providing compression during the exercise sessions and would therefore have the 
potential to lead to beneficial changes in lymphedema status.  However, our results did not support this 
hypothesis.  The participants in this study had well established arm lymphedema, characterized by 
increases in fat deposition with or without increases in extracellular volume.  Future studies should 
examine whether this type of intervention might have a larger effect on lymphedema related outcomes 
among women who have been more recently diagnosed.  In addition, it could be that the effect on 
lymphedema outcomes would require a longer intervention period or higher adherence than was observed 
in this study. 
Another reason that no reduction of lymphedema was found, might be that the exercise sessions were not 
completed frequently enough by the participants.  In the two participants that performed on average not 
only two but three sessions per week, both had reduction of their lymphedema volume with 25% and 
32%. In a prior study of water exercise and massage by Tidhar & Katz-Leurer 12 the sessions were only 
performed once a week showing no change of lymphedema volume. This suggests that WBE should be 
completed at least three times per week to be able to reduce lymphedema. Considering that the lymphatic 
system is working continuously with its own pumping system, even more frequent stimulation might be 
needed. 
Whether exercise, including WBE, is specifically shown to be an effective form of lymphedema 
treatment, the substantial quality of life and potential survival benefits of exercising following breast 
cancer support that participation in exercise is beneficial irrespective of presence or risk of lymphedema.  
Mounting evidence demonstrates the safety of exercise for those with or at risk of lymphedema 23 and the 
physical and psychosocial benefits of exercise may be even more so for this group.   
Eleven (38%) of the 29 participants had been engaged in some kind of physical activity prior and during 
the study.  However, the kinds of exercises that they performed were mostly walking or yoga. Thus, 
although some of the participants were physically active in a general way there still was a potential to 
influence ROM by the specific WBE training program prescribed. This shows that each treatment-related 
impairment has to be addressed specifically and that specific mobility exercises should be included in the 
rehabilitation of breast cancer patients, together with weight-lifting exercises. 
  
The number of supervised sessions needed to improve shoulder function is not yet known and should be 
the focus of future research. In their Clinical Practice Guidelines, Harris et al 24 recommend a maximum 
of 12 visits for treatment. Beurskens et al 25 showed that a mean of 9 visits for guidance in exercises for 
arm and shoulder and also recommending 10 minutes home exercises for ten minutes per day was 
sufficient for improvement of ROM. In the present study instructions were given face-to-face only once at 
start of the study. In addition the participants received an exercise tip-sheet with both pictorial reminder 
and supplementary text on how to perform the exercises. No effort was made to measure the need for 
further face-to-face instructions during the intervention period. However, the increase of ROM indicates 
that the concept of initial supervision combined with pictorial and written instructions is sufficient for a 
positive outcome. Still, more supervised sessions may have influenced also the abduction. 
 
The limitations of this study were a small sample size and that the exercises that were used, mainly were 
focusing on flexion and external rotation.  Methodological strengths of this study were that the assessor 
was blinded to group allocation and experienced in the assessment of lymphedema status and outcomes. 
Furthermore randomization was successful at attaining similar personal and treatment characteristics 
between the intervention and control group.   
 
CONCLUSIONS 
In conclusion, this study supports prior findings that exercises can be safe for breast cancer 
survivors with arm lymphedema and shows that shoulder ROM can be improved years after the 
cancer treatment has been finished. The findings can be used to inform the development of larger 
RCT, adequately powered, to evaluate a range of outcomes including shoulder ROM and arm 
lymphedema.  
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 FIGURE LEGEND 
Figure 1: Flowchart of participants 
Table 1 Baseline characteristics of the study participants with lymphedema (n=29) 
 
Intervention    Controls group   
 (n=15)   (n=14)  
 
Age (years)  64 (56-74)   62 (58-71) 
Self-reported race, White 10 (67)   8 (57)   
 Black 5 (33)   6 (43)    
Months since cancer diagnosis  110 (92-144) 1  19 (101-159)    
Surgery dominant side 7 (47)   5 (36)    
Nodes removed  5 (11-19)   17 (13-20)    
Radiation  12 (80)   11 (79)    
BMI  (kg/cm
2
)  30 (21-41.4)   30.1 (26.9-35.8)   
Lymphedema duration (mo) 52.5 (32.8-90.5)   58.0 (26.0-101.7)*   
LAV, ml  479 (195-947)   505 (267-775)   
LRV, %  23.5 (10.3-51.3)   21.1 (10.1-39.3)   
BIS, ratio  1.15 (1.08-1.54)   1.20 (1.08-1.24)   
Lymphedema grade,    1 3 (20)   3 (21)   
 2 7 (47)   8 (57)   
 3 5 (33)   3 (21)    
No regular compression 3 (20)   2 (14)   
 
NOTE. Values are median (q1-q3)  or  rate no (%).   * One value is missing 
Lymphedema grade: 0=<5%, 1= 5-10%, 2= 10-30%, 3= >30% volume difference between the arms (26) 
Abbrevations:   BMI=Body mass index;       
 LAV= Lymphedema absolute volume, difference between the arms;                         
 LRV= Lymphedema relative volume, difference between the arms;   
 BIS=Bioimpedance spectroscopy. 
  
Table 2.  Measurements of lymphedema and shoulder range of motion in the affected arm in the intervention and control groups 
before and after intervention. 
 
                Before intervention              After intervention 
 
Intervention Control   Intervention  Control 
       n=14  n=11  n=14  n=11 
 
LRV, % 21.3 (9.5-44.3) 21.6(17.9-42.8)  21.4 (8.6-40.1) 21.0 (14.8-31.7)  
BIS, ratio 1.13 (1.08-1.5) 1,22 (1.12-1.25)  1.13 (1.07-1.42) 1.22 (1.17-1.31)  
TDC value upper arm 28.0 (24.8-33.0) 26.1 (23.0-29.9)  28.0 (25.7-31.4) 27.4 (25.1-29.5)  
  forearm 26.5 (23.4-32.9) 23.3 (22.0-29.4)  26.8 (22.2-32.3) 26.8 (23.6-33.4)  
 
Abduction, degrees 127 (107-152) 145 (122-180)  126 (105-155) 139 (123-180)  
Flexion  158 (143-164) 170 (154-180)*  165 (151-170) 171 (148-180)  
External rotation 64 (53-90) 67 (57-83)  77 (68-90) 67 (60-85)  
 
  
NOTE. Values are median (q1-q1). * p=0.06 
Abbrevations: LRV= Lymphedema relative volume, percentage difference between the arms   
   BIS = Bioimpedance spectroscopy      
   TDC = Tissue dielectric constant. 
  
Table 3.  Changes in degrees of shoulder range of motion in the affected arm  
in the intervention and control groups. 
 
   Intervention  Control 
   n=14    n=11     
 
Abduction, degrees  0.5 (-3-3.3)  0 (-1-1)  p=0.32 
Flexion   6    (1-10)  0 (0-1)  p≤0.001    
External rotation  6    (0-15.5)  3 (0-3)  p=0.07     
  
NOTE. Values are median (q1-q3). 
 
 
Appendix 1  Pictorial reminder 
 
  
Appendix 2  Written exercise program 
 
WATER EXERCISE PROGRAM FOR BREAST CANCER SURVIVORS 
 
 
Stand with your feet slightly apart and adjust feet position to find the most comfortable and 
balanced stance for yourself. 
You may need to bend knees to keep shoulders below surface of the water. 
Do every exercise 10 times. Rest 1 minute between each exercise. 
(See pictures of each exercise on the next page) 
 
A  Embrace yourself with both arms. 
Stretch your arms out and backwards as far as possible. 
B  Swing your arms from side to side and stretch your whole body as far back as you can. 
C  Clap your hands in front of you, then behind your back. 
D  Swing your arms to and fro and turn your body while swinging. 
E  Grab the edge with one hand. 
Touch the heel of the foot on your opposite side in front of you, then behind of you. 
Turn around and repeat with the other hand and foot. 
F  Grab the edge of the pool and put your feet on the pool wall in front of you in (1). Then 
stand up on the bottom (2). Then float while grabbing the pool with your hands and 
stretching your body out behind you (3). 
Go back to first position and continue to second and third. 
 
If you feel cold in the water while doing the exercises; take a swim tour or walk fast along the 
edge of the pool, and you will soon get warm. 
 
